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Spontaneous Transformation in Cultured Cells
When cells are set up in tissue culture fresh from the animal they may die very rapidly, survive without division and eventually die, or begin to multiply within a short time of explantation. Those cells which undergo division may retain their normal morphology and may go on multiplying for some time. Lines may indeed become permanently established but more usually, after a period varying from days to months, the rate of multiplication diminishes and the cells die.
Occasionally during the period of deterioration rapidly growing colonies appear in the cell sheet. These cells very often present altered characteristics and they go on to multiply indefinitely. This phenomenon is called transformation. Transformation may also occur spontaneously in rapidly growing cell lines but it is less dramatically obvious in this case since the growth rates of the transformed and untransformed cells are about the same. Transformed cells are usually to be distinguished from untransformed cells by certain features, notably altered phenotype, altered karyotype and altered nutritional requirements. Some writers have associated the phenomenon of spontaneous transformation with acquisition of malignant characteristics, but evidence does not suggest that a close relationship exists.
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Neoplastic Transformation Induced in vitro by Polyoma Virus Four tumour viruses have now been reported to produce a transmissible alteration resembling a neoplastic change in cells in culture. Polyoma virus is especially suitable for investigating the mechanism of the neoplastic transformation. It is a common commensal virus of mice, and rapidly induces a variety of tumours after inoculation of new-born animals of several species. Cultures of mouse and hamster cells are susceptible to in vitro transformation by the virus and -become indistinguishable from cultures ofcells from tumours induced in vivo (Vogt & Dulbecco 1960) .
A method has been developed for identifying transformation in individual cells, shortly after exposure to virus, by identifying the colonies which arise directly from these cells. This allows quantitative analysis of the initial events and the factors which influence them. For reproducible results a stable strain of hamster fibroblasts, with high colony-forming capacity, has been used (Stoker & Macpherson 1961 , Macpherson & Stoker 1962 .
When such cells are exposed briefly to a high virus concentration about 10 per cent of cells are transformed and develop into heaped up colonies with a random arrangement of cells. The remaining cells develop into normal colonies even though virus penetration into the cytoplasm has occurred in these as well as in the transformed cells (Fraser & Gharpure 1962 , Stoker 1962 . No residual virus can be detected in either normal or transformed clones.
The virus does not act by selection of preexisting cells, and transformation of single cells, isolated in microdrops after exposure to virus, shows that co-operation between cells, such as transfer of a cell-released transforming factor, is not necessary. The phenotypic expression of transformation may be detected by loss of contact inhibition after five or more cell divisions, and since every cell in the clone may be transformed it may be assumed that the inherited change can occur before the first cell division.
Variation in virus dose suggests that transformation is due to the direct action of a single particle in an individual cell, but the efficiency may be as low as 10 6 in terms of adsorbed virus
